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SUMMARY

" Tn order to determine which mansuver 1s more effective for
correcting the lateral displacemsnt from the runway during the final
lending approach, the amownt of possible correction was calculated for
coordinated tuwrns with limited bank angle and for level sideslips for
a large transport airplane, the C-54D. The results of these calculations
ghow that, for all distances fram the end of the rmwey, coordinated
turns are the more effectlve maneuver. At 2000 feet from the end of the
runvay, the correction possible in turns 1s roughly twice that in
sildeslips, and thils ratlo increases as the distance from the end of the
runway increases. At distances of less than 1300 feet from the end of
the runway, the amount of correction with sither maneuver is almost
negligible, being of the order of 20 feet or less.

INTRODUCTION

In discussions with pllots, the question of how to correct for the
lateral dlsplacement from the rumway along an instrument glide path
during the final approach has arisen. Two maneuvers were suggested,
sideslips with the wings held level and coordinated turns. Same pllots
felt that they would not bank a large alrplane during the final approach
and would only use the wings-level maneuver. On the other hand, flight
records of simulated instrument approaches show that coordinsted turms
with limited angles of bank are more frequently used (reference 1).

Calculations have thersfore bsen made to find which type of
maneuver 1s more effectlive for correcting the displacement of the
approach path for the condltion when the alrplamne 1s very close to the
end of the rumway and at very low altitude. In the calculations the
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angle of bank during the coordinated turmns was assumed to be limited
to values less than that at which the wing tip would touch the ground
before the main landing gear.

1

It was agsumed in these calculaetions that the alrplene was
initially in a flight path parallel to the runway and laterally
displaced from it. The flight paths of each of the maneuvers for
various distances from the runway were then calculated. The results
are shown as the locus of the starting points of the flight paths which
would end at the runwey center line. In the computatlions, the control
repponge charactaristics glven in referemce 2 for a large transport -
alrplane, the C-5L4D, were used. -

The results are of importance in blind-landing approaches in which
the alrplane bresks through the overcast 2000 or 3000 feet from the end
of the runwey and several hundred feet dlaplaced from 1t. At these
distances, durlng a normal instrument letdown, the altitude would be

approximately 80 to 120 feet. If the pllot knows which maneuver is
more effective, he may be able to land wlthout making a secomdé approach.

SYMBOLS

welght of airplane; poundas
veloclty, feet per second : i

total displacementin lateral direcilon from runwey, feet

H o H o =

total dieplacement in lcngitudinal direction from end of . R
rmway, feet .

AY, AX partial displacement in. lateral and. longitudinal directions,

feet
¢ angle of bank, radlans
B angle of sideslip, radlans
¥ engle of turn, radisans
r radiugs of twrn, feet -
a lateral acceleration, feet per second per second

g acceleration of gravity, feet per second per second r
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pb/av helix angle, radians
b wing span of aircraft, feet
hs] rolling velocity, radians per second
T time, seconds
Subscripta:
1 initial
2 final
ANATYSTS

In the calculations of the amount of displacement that could be
corrected by coordinated turnse and by level sideslips, the following
agaumptions were maintained:

Alrplane . . - « v + 4 4 « 4 4 % 4 e 4 s e e o e s e e e e« o C-54D
Conditions:
Flap deflection, degree8 . . ¢« . v + &« « ¢ « « ¢ o « o o & 20
GOEY v ¢ ¢ + o e 4 v et s s e e 4 8 s e e s s e e e e« s down
Manifold pressure, inches of mercury c « € e 2 e € & o » 20
Engine speed, rom . . . . . e+ e ¢ & € ¢ ¢ o o o e o o 2550
Wing loading, pounds per square foot . . . . ¢ . .. 36.9
Alrplane speed, miles per hour . . « . « « ¢ ¢« ¢ ¢ ¢ o o o « & 120

Level-gidegllp mesneuver.- In this report the term Mevel sldeslip
refers to the maneuver where the pilot uses the rudder to cause
gideslip, keeping the wing level with the ajilerons. The amownt of
displacement was calculated by assumming that the side force due to
level sidesllip 1s equal to the slde force created when the airplane is
in an equivalent banked, steady sldeslip. In the steady sideslip the
following relation exists:

Side force = W sin ¢ ~ W¢

From figure 11(a) of reference 2, it was found that for the C-54D in
the condlition under consideration, ¢ is equal to 0.6678, therefore

Side force = 0.667 WpB
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From this equation, 1t follows that the lateral acceleration is glven
by the relatliom,

I7 ]
a = 0.667g8

end the lateral dilsplacement 1s

T, T,
Y = 0.667g B AT 4T
Ty JT1

These calculations are valld because only smsll changes in the
flight path are Involved; that i1s, the angle the flight path makes with
the rmwey 12 smsll and the differences between the true elde force and
its calculated cosine camponent are slight.

The assumed complete maneuver (fig. 1) comelsts of the successive
porformance of one full-right and one full-left rudder deflectiom,
followed by & brief amount of right rudder necessary to bring the
alrplane back to zero sldeslip. The variation of the angle of gldeslip
with time was obtalned from unpublished resulte of runs made in
the C-54D where the pilot, while holding the wings level with +thé
allerons, changed the heading of the airplane wlth a constant rudder
deflection. From the sideslip varilation obtained in these runs, the
gideslip variation of the asgsumed complete maneuver was found by
superimposing, at the appropriate time, the sideslip variation obtained
from a full-left rudder deflection on the sldeslip variation obtalned
from a full-right rudder deflectlon. From this resulting sideslip
varlation the latersl dlisplacement was calculated. The calculations
were extended to cover different distances from the end of the runwsy
by varylng the time that full-right rudder was held with the length of
time for full-left rudder and the brief right rudder belng determined
by the requirements that the alrplane should end the maneuver at zero
sldeslip and with the orliginal heading. These curves Wwere graphlcally
Integrated and a locus of the starting points which would allow the
maneuver to end at the center line of the runway was obtained.

Coordingted-turn maneuver.- To find the amount of lateral corrsction
possible with this type of mansuver the flight path of coordinated right
and left turns, performed in sequence, was calculated. In these calcu-
lations the flight path was broken into seven parte and each part was
agsumed. to be clrcular. Figure 2 shows the maneuver broken into 1its
parts. The parts are as follows:

(1) Period while controls are moved and the alrplane begins to respond

(2) Period while the airplane changes from level flight to desired angle
of bank
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(3) Period while the alrplane remeins at desired angle of bank

(4) Period while the angle of bank 1s reducing during the change from
bank in one directlon to bank in other direction : .

(5) Period while the angle of bank i1s increasing during the change
(6) Period while the angle of bank remaine at desired angle
(7) Period while the alrplane changes from banked to level flight

The turning radius for each perlod was calculated from the
expresslion that the side forces are equal to the centrifugal forces:

2
Wsin¢=w-l-

ar

or

. I
g 8in ¢

From the rolilng-veloclty curve, for an aileron roll with
coordinated rulder deflection of Pigure 8, reference 2, the variation
of the angle of bank with time was found by integration. From this
curve the average angle of bank during each step was calculated. As a
limiting condition, the maximum angle of bank was set at 17°, the angle
of bank at which the wing tip and the main landing gear would both
gtrike the ground at the same time. Shown In figure 2 1s the variation
of the angle of benk and the step approximation of the bank angle for
a sample maneuver.

The angle through which the alrplene turned during each portion

of the manesuver was found from the expression ¥ = %.

Using this information, AX and AY of sach period were found
and added, giving the starting points of the meaneuver. This type of
calculation, rather than the integratlon method used for level sideslips,
183 necessary because the angles between the flight path and the runway
are large enough to cause differences 'between the side force and its
calculated cosine component.

The locus of the starting points was found for coordinated maneuvers
uging full ailleron deflection and for coordlinated maneuvers using enough
alleron deflection to produce a rolling helix angle of 0.03 radian.
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DISCUSSION OF RESULTS

The results of the calculations are shown in figure 3. It can be
seen that the coordinated-turn maneuver will correct for a greater
displacement than will level sideslips for all distances from the end
of the runway. In fact, at 2000 feet from the end of the rumway the
possible correctlon in turns with maximumm p‘b/2V' 18 roughly twice am
much as that in sideslips with full rudder deflection and the ratio
increases with Increasing distances from the runway. At dlistances
of leas than 1300 feet fram the rumway, the poseible correction in
elther maneuver la slmost negligible, belng of the order of 20 feet
or lesa. This comparison 1s of meximm maneuvers, but since pllots do
not ueually use full control deflections In these maneuvers, the

coordinated-turn curve corresponding to g-:_ = 0.03, a value obtalned

from flight records as the maximum pllots normelly use, glves a better
plcture of the smount of correction posslible. A portlon of the level-
gldeslip curve using one-half rudder deflectlon 1s presented.. The
nature of the sldesllip maneuver is such that the curve would aspproxi-~
mately be a constant percent of the curve for full rudder deflection.

Of Interest 1s the starting point of the shortest maneuver which
reaches the maximum allowed bank angle of 17°. From figure 3, this
point, when full alleron control is used, 1s at 1980 feet from the end
of the runway, and for the more normal meneuver, at 3600 feet. This

means that for %b = 0.03 at less than 3600 feet from the rumway, the

airplane will néver arrive at & steady-bank conditlion before the controls
must be reversged, and that the slrplane will always have 1ts maln wheels
lower then its wilng tip. Also shown 1in figure 3 is the path of the
alrplane approaching at a constant angle of bank of 17°. This path is
the 1limiting one for flight pathe which end alined with the rumway.

The relatively emall maneuvering capablilities of a large transport
airplane in the final approach are apparent from this analysis. The
maneuverabllity l1s further decreased by lncreases 1n alze or wing
loading above the values used in these calculations.

The maneuverability of a glven ailrplanse in sideslip may be
Increased by increasing the variation of glde force with sldesllip, which
primarily depends on an Ilncrease in fuselage lateral area. Because of_.
the large superlorlity of the coordinated-turn maneuver, however, it 1s
unlikely that practlical increases in slde area would be enough to make
the sldesllp maneuver the more effective of the two. The maneuverability
in turns may be 1ncreased by Ilncreasing the aileron effectiveness and by
decreasing the moment of Inertia in roll. These changes would allow the
alrplane to roll more quickly to the steady-bank condition, which would
allow more-time to be spent at short turning radius.
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CONCLUDING REMARKS

Calculations have been made for a large transport alrplane,
the C-54D, to determine which memnsuver, coordinated turms of limited
angles of bank or level sldeslipas, 1s more effective for correcting the
lateral displacement from the runway durlng the final landing approach.
The results show that for all distances from the end of the runway the
coordinated memsuver is the more effective maneuver. At 2000 feet from
the end of the runway the correction possible in turns 1s roughly twice
that in sideslips and the ratlo increases as the distance from the run-
way increases. At dlstances from the rumway of less than 1300 feet,
the correction possible with elther meaneuver is slight, being of the
order of 20 feet or less.

Langley Asronautical Leboratory
National Advisory Commlttee for Asromsutics
Langley Alr Force Base, Va.
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Figure 1.- Sample sideslip maneuver.
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Figure 3.- Locus of the starting points of the maneuvers which would end at the
runway center lne.
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